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Introduction

Junctional epithelium is a non-keratinized, stratified epithelium that is

responsible for the attachment of the gingiva to the tooth surface (Listgarten
1966, Schroeder 1969).
The interface between the tooth and the gingiva is vitally important as the
site of initiation of periodontal disease. With periodontal disease progression, the

inflamed junctional epithelium detaches from the tooth and becomes part of the

gingival periodontal pocket epithelium. After periodontal therapy, the junctional
epithelium may heal in its original dimensions or may form a long junctional
epithelial attachment with reduced connective tissue attachment to the root

surface.
There are four different types of healing of the periodontal tissues after

treatment: 1. repair, the healing of a wound by tissue that does not fully restore
the architecture or the function of the affected part (Melcher 1976), 2.

reattachment, the reunion of the epithelium and connective tissue with root

surface and bone (Isidor et al. 1985), 3. new attachment, the presence of new

cementum and the union of connective tissue or epithelium with a root surface
that has been deprived of its original attachment apparatus (Isidor et al. 1985),
and 4. recjeneration, reproduction or reconstitution of a lost or injured part in such

a way that the architecture and function of the lost or injured tissues are

completely restored (Glossary of Periodontal Terms 1992).
The area, where epithelium makes direct contact with the tooth surface, is
critical for treatment aimed at regeneration of the periodontium. To regenerate

periodontal tissues that have been lost due to disease, connective tissue

reattachment to the tooth surface and regeneration of the lost alveolar bone must
proceed more rapidly than apical migration of the junctional epithelium. If the

epithelium proliferates too rapidly, connective tissue reattachment to the tooth will

be prevented and a long junctional epithelial attachment will result. Extracellular
matrix molecules, including fibronectin and laminin-1, may be responsible in a

large part for regulating epithelial functions such as adhesion, cell motility and
synthetic activity, thereby regulating the position of the epithelium and the
connective tissue.

Literature Review

Early studies of epithelial attachment
The anatomical relationships at the dentogingival junction are unique; it is
the only site in the body where epithelium contacts a calcified structure and is

exposed to the external environment.
The attachment of the epithelium to the tooth was first described by
Gottlieb in 1921 (Gottlieb 1921). He stated that "the epithelium of the gingiva is in

organic connection with the enamel surface and therefore, only a shallow crevice
exists at the free border of the gingiva." In 1952, Waerhaug stated that "the

bottom of the gingival pocket was found at the deepest point of the epithelial
attachment." There were two different opinions regarding the nature of the
epithelial attachment. According to Gottlieb’s early findings the epithelium could

be attached to enamel. However, Waerhaug stated the epithelium adjacent to the
tooth surface is a tightly adapted cuff, which could be displaced from the tooth by
thin metallic strips (Waerhaug 1952). Since then numerous authors have studied

the epithelial attachment and supported either Gottlieb’s or Waerhaug’s findings.
Orban et al. repeated some of Waerhaug’s experiments and presented the

concept of the "attached epithelial cuff" as an attachment between the epithelium
and the tooth surface (Orban et al. 1956).

In 1960, Weinreb studied the epithelial attachment in monkeys and, after
repeating Waerhaug’s experiments, found that a union exists between the
gingival epithelium and the tooth surface (Weinreb 1960).

Engler et al. studied the development of the epithelial attachment in young
rhesus monkeys during tooth eruption (Engler et al. 1965). Their results agreed
with Waerhaug’s findings and indicated that there was a transient and partial

epithelial attachment of reduced enamel epithelium until a tooth is fully erupted.

However, this epithelial attachment is replaced by the epithelial cuff after the
complete eruption of the tooth.

A year later, Listgarten studied the dento-gingival junction in man using
electron microscopy (Listgarten 1966). He examined teeth with a healthy
periodontium that were extracted from 15 patients. All teeth showed evidence of
soft tissue attachment. Between the tooth and the epithelium, there was a thin,
less dense, granular layer similar to the basal lamina of the epithelium. The width
of the basal lamina varied from 400 to

1200A. He described two types of cuticle"

cuticle A, which was located only over enamel, and cuticle B, which was located

on enamel or cementum and was similar to the lamina densa. He further
observed that hemidesmosomes were directly contacting the tooth surface and
the epithelium was attached to the connective tissue by means of
hemidesmosomes.

Listgarten questioned the requirement of the reduced enamel epithelium

for the formation of the epithelial attachment in a study using cynomologus

monkeys (Listgarten 1967). He found that the oral epithelium could reconstitute
an epithelial attachment apparatus similar to the one in normal sites without the

presence of the reduced enamel epithelium.
Schroeder studied the ultrastructure of the junctional epithelium of human

gingiva after taking biopsies of free and attached gingiva (0.8 to 1.4mm apical to
the gingival margin). A complex of organic layers was found to be interposed
between epithelial cells and the enamel surface, which was called the epithelial

attachment lamina (EAL) and was composed of EAL-1 (lamina lucida) and EAL-2

(lamina densa or cuticle B in Listgarten’s study). He also verified the presence of
hemidesmosomes facing both tooth and connective tissue surfaces (Schroeder

1969).

The same year, Henning tried to determine the mitotic activity of the cells
in the epithelial attachment area of the rat molar (Henning 1969). He found that

the reattachment of the epithelium to the tooth surface occurs in a period of two

to three weeks after wounding in the rat.

In 1972, Listgarten showed the presence of hemidesmosomes on both the
internal and external basement membranes of the junctional epithelium in

monkeys (Listgarten 1972). A year later, Listgarten and Ellegaard extended the
previous work in monkeys. Using electron microscopy, they showed epithelial

attachment directly to residual calculus mediated by the dental cuticle (Listgarten

& Ellegaard 1973).
Listgarten examined the structural characteristics of rat and human
gingiva (Listgarten 1975). Based on that study, the differences between human
and rat gingiva are 1. in humans, the free gingival margin is relatively poorly
keratinized as compared to the oral epithelium, whereas, in rats, the gingival

margin appears to be keratinized to an exceptional degree, 2. the rat sulcular
epithelium is clearly keratinized, whereas the human sulcular epithelium only
tends towards keratinization. In both human and rat, the junctional epithelium is

not keratinized.

Dimensions of the Dentogingival Junction

Gargiulo et al. first described the dimensions of the dento-gingival junction
in humans using autopsy specimens (Gargiulo et al. 1961). Their results

revealed that the average sulcus depth was 0.69mm, the average length of the
epithelial attachment was 0.97mm and the average length of the connective
tissue attachment was 1.07mm. They also found the distance from the base of

the epithelial attachment to the crest of the alveolar bone (connective tissue

attachment) to be the most consistent of all the measurements characterized.

Junctional Epithelium and Periodontal Disease

Periodontitis progression disrupts the integrity of the epithelial adherence

to the tooth surface. With disease progression, the inflamed junctional epithelium
detaches from the tooth and becomes part of the periodontal pocket epithelium

(Stern 1981).
In 1968, Thilander showed the epithelial changes in gingivitis in humans
that included widening of intercellular spaces, leukocyte infiltration and lamina
densa diffusion or complete absence (Thilander 1968).

Kennedy and Poison studied experimental marginal periodontitis in
squirrel monkeys (Kennedy and Poison 1973). Histologic and histometric

analysis revealed a progressive marginal periodontitis characterized by apical
migration of the junctional epithelium and loss of alveolar bone. Sections from the

control/healthy specimens showed that the junctional epithelium was 1-3 cell

layers thick and located at or near the cemento-enamel junction.
According to Page and Schroeder, in the "early lesion" of periodontal
disease pathogenesis, the junctional epithelium contains an increased number of

polymorphonuclear granulocytes and mononuclear inflammatory cells, especially
lymphocytes (Page and Schroeder 1976). After 3 to 4 weeks of plaque
accumulation, the "established lesion" develops and the junctional epithelium

may proliferate into the adjacent connective tissue and along the root surface. As
a result, the gingival sulcus becomes deeper and the coronal portion of the
junctional epithelium may be converted into a true periodontal pocket epithelium.
Light microscopic observations of junctional epithelium in gingivitis reveals
that the junctional epithelium ends at the cemento-enamel junction or within a

very short distance of it in most locations (Nalbandian et a1.1986). Occasionally,
a limited degree of apical migration of the epithelium is seen. Comparing the
gingivitis specimens with periodontitis specimens, Brexc et al. found that the

junctional epithelium in the periodontitis specimens was longer than in the
gingivitis specimens (Brexc et al. 1986).
Garnick studied the junctional epithelium on the mesial aspect of first

molars of Sprague-Dawley rats that were subjected to irritants for 1, 2, and 3
months (Garnick 1977). The irritants were removed for periods of 2 to 4 weeks
before sacrificing the animals (healing period). The junctional epithelium

demonstrated three responses" 1. proliferation occlusally, 2. proliferation apically
and 3. proliferation into the connective tissue. In approximately 50% of the rats,
the depth of the epithelial attachment did not change during the experiment. In

25% of the rats, a deepened sulcus occurred with subepithelial connective tissue
inflammatory infiltration. In the remaining 25% of the animals, the epithelium
proliferated apically but an increase in the epithelial reattachment occurred

reducing the sulcus to normal depths with reduced subepithelial areas of
inflammation.

Light and electron microscopic observations of the pocket epithelium
revealed that the pocket epithelium (1) does not attach to the tooth surface, (2)

forms irregular ridges, (3) consists of cells that show a tendency to proliferate, (4)

presents a basal lamina complex with discontinuities and projections into the
connective tissue and (5) is infiltrated mainly by lymphocytes, both T- and B-, and

plasma cells (Muller-Glauser and Schroeder 1981).

Healing of the junctional epithelium after periodontal treatment
There are several studies that examined the healing of the junctional

epithelium after periodontal surgery.
The healing of the soft tissue following gingivectomy was studied in rhesus

monkeys (Engler et al. 1966). The results of that study revealed that the oral
surface of the gingiva was completely healed and keratinized in 2 weeks, but it
took the gingival sulcus 3 to 5 weeks to heal. There was minimal mitotic activity
in the newly formed epithelial attachment after the healing was complete.

Listgarten also studied with the electron microscope the healing of soft
tissue on surgically denuded roots in rhesus monkeys (Listgarten 1972). He

surgically exposed one third to one half of the roots of the teeth in the operated

quadrant. The contralateral side served as control. The animals were sacrificed

at the following healing intervals: 1, 2, 3, 6, 9, 12 and 18 months. The animals to
be sacrificed at 9, 12 and 18 months post-surgically were scaled every six
months. At the end of the study all animals developed mild to moderate gingivitis.

A new attachment between the tooth surface and the regenerated junctional
epithelium could be observed in most specimens, at all time intervals. The

operated sites appeared more severely involved than the control sites up to 6
months after the surgery. Thereafter, no difference was detectable in the severity

of gingivitis between operated and control sites. The junctional epithelium had

regenerated over denuded dentin as well as cementum. The ultrastructural
features of the junction included the presence of hemidesmosomes along the cell
membrane surface facing the tooth and a basement lamina, approximately

1000

in width. This attachment apparatus was similar to the connection

between the epithelium and the surrounding connective tissue.

Seven years later, Caton and Zander tried to determine clinically the
nature of the attachment between the tooth and gingival tissues following
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periodic root planing and soft tissue curettage in rhesus monkeys with

contralateral pairs of periodontal defects that were experimentally induced (Caton
and Zander 1979). The experimental sites received scaling and root planing, soft
tissue curettage and topical application of chlorhexidine 2%. The control sites

received only scaling and topical application of chlorhexidine 2%. The histologic
observations revealed the formation of a long junctional epithelium rather than
connective tissue attachment in both experimental and control sites. There was

no difference in the length of the long junctional epithelium between experimental
and control sites. In eight out of 22 specimens "windows" of connective tissue

were observed in the junctional epithelium of the experimental sites.

Caton et al. used rhesus monkeys and evaluated the healing after four
different periodontal procedures including modified Widman flap, modified
Widman flap with autogenous bone graft, modified Widman flap and beta

tricalcium phosphate graft and periodic root planing and soft tissue curettage

(Caton et al. 1980). The results revealed the formation of a long junctional
epithelium with no connective tissue attachment after utilizing all four treatment
modalities.

The same year, Caton and Nyman used the same animal model and
determined the effect of the modified Widman flap procedure on the level of the
connective tissue attachment and supporting alveolar bone (Caton and Nyman

1980). The results revealed that the treatment of periodontal pockets using the
modified Widman flap produced no gain in connective tissue attachment and no
increase in crestal bone height. The bone repair was never accompanied by new
connective tissue attachment. A long junctional epithelium was always found

between bone and the root surface and the collagen fibers of the periodontal
ligament were arranged parallel to the root surface.

Caton and Nyman also evaluated the healing of infrabony defects after
periodontal surgery in rhesus monkeys (Caton and Nyman 1981). They found a

significant loss of connective tissue attachment and the defects healed with the
formation of a long junctional epithelium.

Braga and Squier examined the healing of the junctional epithelium in the
presence of a pre-existing junctional epithelium (external bevel incision) and in
the absence of a junctional epithelium (internal bevel incision) in monkeys (Braga
and Squier 1981). They used the maxillary teeth for the external bevel incision,

the mandibular teeth for the internal bevel incision and the unoperated teeth as
controls. They found that the epithelialization of the gingival wound was rapid,

taking place 5 days after the partial removal of the junctional epithelium by the
external bevel incision technique. The epithelialization of the gingival wound
occurred within 10 days in wounds in which the junctional epithelium had been

completely removed. According to the authors, the difference in the rate of
epithelialization seemed to be primarily related to the quantity of the coagulum.

In 1982, Listgarten et al. studied the healing of junctional epithelium in rats
and the progressive replacement of epithelial attachment by a connective tissue

attachment after experimental periodontal surgery (Listgarten 1982). A surgical
wound was created on the mesial aspect of the first maxillary molar and the

contralateral molar served as the control. After sacrificing the animals at different

intervals, they found that the junctional epithelium became re-established by
migration from the wound edge along the gingival surface facing the tooth, until

contact was established with the root surface. Three weeks after surgery the
junctional epithelium did not change in length significantly. However, the entire
epithelial attachment was displaced coronally by replacement of the apical

portion of the junctional epithelium by a connective tissue junction.

12

Two years later, Magnusson et al. described the long junctional epithelium
and its resistance to plaque (Magnusson et al. 1983). Periodontal tissue

breakdown was produced around 8 teeth (test) in each of 4 monkeys by placing
ligatures around the teeth. When the periodontal pockets were 4-5mm deep,

pocket reduction flap surgery was performed. Following the surgery plaque

control was maintained for 4 months. The healing involved the establishment of a

long junctional epithelium. During the final 6 months plaque was allowed to
accumulate. In each animal, 4 test and 3 control (teeth that were not included in
the first part of the study) were selected to study gingival inflammation. The
animals were sacrificed 10 months after the surgery and histological sections

were prepared. The results revealed that the inflammatory lesion in the gingival
connective tissue did not extend deeper in the periodontal tissues in the sites
with a long junctional epithelium compared to the normal sites. In this study,

Magnusson et al. concluded that the barrier function of a long junctional
epithelium against plaque infection is not inferior to that provided by a
dentogingival epithelium of normal dimension.

From the preceding, it can be concluded that, after periodontal therapy,
the junctional epithelium may heal in its original dimensions or may form a long

junctional epithelial attachment.
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Ultrastructure of Junctional Epithelium
The junctional epithelium is surrounded by two basement membranes (a
specialized form of extracellular matrix), the internal basement membrane that

faces the tooth surface and the external basement membrane that separates the
epithelium from the gingival connective tissue (Schroeder 1969).

Kobayashi et al. examined the dento-epithelial junction of rhesus monkeys
using electron microscopy (Kobayashi et al. 1976). They reported that the basal
lamina between the junctional epithelium and the tooth surface was composed of

three layers the lamina lucida (closer to the connective tissue), the lamina densa
and the sub-lamina lucida (closer to the tooth surface), which was a newly
defined layer.

Leblond and Inoue described the structure and the composition of the
basement membrane as a thin layer that separates the connective tissue from
the parenchymal cells of epithelia, endothelia, muscle and nervous tissue

(Leblond and Inoue 1989). The basement membrane was found to be composed
of four major substances type IV collagen, laminin, heparan sulfate and
fibronectin. They also described the presence anchoring fibrils that attach the

basement membrane to the extracellular matrix. In the same study, the authors
incubated equal weights of three of the basement membrane components, type

IV collagen, laminin and proteoglycan at body temperature for 1 hour. A
precipitate appeared; it was pelleted by centrifugation. When the pellet was
examined in the electron microscope, three types of structure were observed 1.

a lacework filling the space between the other structures, 2. a semi-solid
material, and 3. convoluted sheets averaging 65nm in thickness. After

immunolabeling, they found that the lacework is composed exclusively of

proteoglycan and the two other structures were composed of the three

substances, including type IV collagen, laminin and proteoglycan. However, the

semi-solid material was organized differently from the regular basement
membrane, whereas the convulated sheets were artificial structures that had
similarities to the lamina densa of natural basement membrane. As a conclusion,

the study showed that a basement membrane may be assembled in vitro under

specific conditions.

In 1996, Sawada and Inoue studied the internal basement membrane of
the junctional epithelium in monkeys and found a direct contact with the enamel

surface without the presence of any intervening layers such as the dental cuticle

or afibrillar cementum (Sawada and Inoue 1996). The layer of sub-lamina densa
that Kobayashi et al. referred to was not observed in this study. The surface of
the lamina densa was found to be in direct contact with enamel.

Many studies have indicated that glycosaminoglycans and glycoproteins
are the primary structural components of the junction between the tooth and the
junctional epithelial cells (Bartold 1987). The main proteoglycan of the basement
membrane is heparan sulfate (Bartold 1987).

Kobayashi and Rose studied the histochemistry of the dento-gingival
junction using colloidal thorium and ruthenium red which are stains for

carbohydrates. With the colloidal thorium, deposits occurred on the intracellular
cell surfaces but not on the surfaces facing the tooth. The basal lamina, dental

cuticle, desmosomes and hemidesmosomes reacted negatively. With the
ruthenium red, cell surfaces, desmosomes and hemidesmosomes were stained

intensely, whereas the lamina lucida and the dental cuticle were not stained. The
lack of stain suggested that acidic carbohydrates were absent from that specific

layer (Kobayashi et al. 1977a). In the next paper, Kobayashi et al. used
phosphotungstic acid (PTA), periodic acid-silver methenamine (PA-silver) and
periodic acid-thiosemicarbazide-silver proteinate (PA-TSC-SP). The authors
found that the basal lamina and not the dental cuticle contains the glycoprotein-
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rich material. They also showed the similarity between the basal lamina in the

dento-gingival junction and the connective tissue junction. (Kobayashi et al.

1977b)

An important structural component of most basement membranes is type

IV collagen, a nonfibrillar type of collagen found only in basement membrane
structures. It is composed of primarily ol(IV) and o2(IV) chains, although some
membranes contain small amounts of o3(IV), o4(IV), o5(IV) and o6(IV) chains

(Bartold & Narayanan 1998).
The dento-gingival internal basement membrane has been reported to

lack type IV collagen but contains laminin (Salonen and Santti 1985, Sawada et
al. 1990) and type VIII collagen (Salonen et al. 1991), which is a nonfibrillar type
of collagen with chain composition o1(VIII)3.
Salonen and Santti studied the basement membranes of the junctional

epithelium in humans and found that laminin was present in both basement
membranes (internal and external). However, type IV collagen was present only
in the external basement membrane (Salonen and Santti 1985).

In 1991, Salonen et al. studied the synthesis of type VIII collagen by
epithelial cells (Salonen et al. 1991). Samples of the epithelial attachment

apparatus (EAA) in vivo were collected by removing the junctional cells directly
attached to the tooth and the associated EAA matrix. Immunological examination
of the samples revealed that type Vlll collagen was associated with epithelial
cells forming the EAA in vivo.
Sawada et al. studied the ultrastructural localization of laminin and type IV

collagen in the junctional epithelium of rat molar gingiva by using an indirect
immunoperoxidase method (Sawada et al. 1990). Intense laminin reaction

occurred in both the internal and the external basal lamina. The type IV collagen

reaction was intense in the external basal lamina but there was no reaction in the
internal basal lamina.

Fibronectin
Fibronectin is an extracellular matrix glycoprotein and is present in two

forms a soluble dimeric form found in the plasma (pFN) and a dimeric or
multimeric cross-linked form in the extracellular matrix of most tissues (cFN).
While

pFN is synthesized by hepatocytes, cFN is produced by many different cell

types including epithelial cells, fibroblasts, and most other cells of mesenchymal
tissues (Bartold and Narayanan 1998).

Within the extracellular matrix, fibronectin acts as a bridge between cells

and collagen matrix facilitating cell adhesion to connective tissue collagen. The
interaction between cells and fibronectin appears to facilitate not only cell
adhesion but also cellular spreading and migration (Hynes and Yamada 1982).

In addition, fibronectin appears to help in the organization of the
cytoskeleton and the extracellular matrix as a molecular assemblage (Hynes and
Yamada, 1982).
Another important role of fibronectin is in phagocytosis, where it is thought

to act as a "non-specific opsonin" (Saba and Jaffe 1980). Additionally, a wellknown role of plasma fibronectin is in hemostasis and thrombosis (Hynes and

Yamada 1982).
The fibronectin molecule has many binding sites that allow a variety of
interactions. Fibronectin has at least six domains that can mediate cell adhesion.

The first domain of fibronectin to be isolated was the collagen-binding domain. In

addition, there are other specific molecular domains that bind to heparin and
fibrin (Bartold

& Narayanan 1998).

Only one fibronectin gene exists in humans. It contains about 50 exons
coding for type I, II and III repeat sequences of the specific molecule domains.
There are 20 different human forms of fibronectin that have been identified, due

to alternative mRNA splicing, which can occur at three possible sites in the
fibronectin transcript (Bartold & Narayanan 1998).

Fibronectin and Junctional Epithelium

Many studies have examined the presence of fibronectin in the dentogingival junction.

Connor et al. studied the distribution of fibronectin in the rat tooth and
periodontal tissues using a mouse monoclonal fibronectin antibody (Connor et al.

1984). They found that fibronectin was present predominantly in the granular
layer of the epithelium. The fibronectin labeling appeared to vary in intensity
within the gingiva but it was particularly intense within the dento-gingival junction.

Low intensity fibronectin labeling was also present in a zone corresponding to the
basement membrane underlying the gingival epithelium.

Cho et al. attempted to localize fibronectin by immunofluorescent

microscopy in healthy and inflamed gingiva in beagle dogs (Cho et al. 1984).

They found that in healthy gingiva, fibronectin was present in the basement
membrane of gingival epithelium and around the blood vessels in the connective
tissue as a uniform and intense staining. In the connective tissue, there was a

less intense and more diffuse staining pattern. In the inflamed gingiva, fibronectin

was present as an intensely stained band around blood vessels. In the basement
membrane, the fibronectin appeared diminished and less uniformly distributed. At
the ultrastructural level, the fibronectin was found in the basal lamina beneath the
epithelium and endothelium.

Steffensen et al. studied the distribution of the cell adhesion protein
fibronectin as well as several integrin subunits, o2, o5 and ov, in the periodontal
tissues of baboons (Steffensen et al. 1992). They used chick-specific anti-

fibronectin monoclonal antibody. They found that the epithelium showed little

staining for fibronectin, except at the interface of the epithelium and subepithelial
connective tissue. The integrin that showed specificity for fibronectin was

When the sections were tested with rabbit polyclonal antibodies

o51.
to the o51

2O

integrin, there was clear staining of the basal cells of the gingival epithelium and
endothelial cells of the vasculature of the periodontium.

Larjava et al. studied the distribution of laminin and fibronectin during

wound healing in humans and found that fibronectin was present throughout the
connective tissue and in the clot area (Larjava et al. 1993). Laminin was present

in the basement membrane of the epithelium and the blood vessels.

In 1996, Sakai et al. studied the distribution of fibronectin in the junctional
epithelium of aging mice using immunofluorescent techniques (Sakai et al. 1996).
The authors reported that cellular proliferation of the junctional epithelium

occurred in association with increasing age and resulted in thickening of the
epithelial layer. In 3-month old mice, the immunoreaction for fibronectin was
diffuse in the connective tissue. On the contrary, an intense linear staining of
fibronectin appeared at the basal interface of migrating junctional epithelium. The

staining in this region appeared stronger than in the subepithelial connective
tissue. There was no staining on the basal layer of the apical end of the

junctional epithelium, whereas there was positive staining evidence in the

subepithelial connective tissue in the same location.
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Laminin

Laminins are the major noncollagenous protein components of the

basement membrane (Bartold and Narayanan 1998). The most extensively
studied laminin is laminin-1 and one of the most recently described laminin is
laminin-5 (Bartold and

Narayanan 1998).

The laminins are a group of structurally related glycoprotein heterotrimers.

They are composed of three polypeptide chains, that can be classified into three

groups, including o,
chains; the l1,

132

I and
and

l3

(Burgeson et al. 1994). There are the o1, o2 and
chains and the /1 and

/2 chains (Timpl and Brown

1994). Laminin isoforms can differ by one, two or three constituent chains. The
first laminin to be characterized was laminin-l. It was isolated from the

Engelbreth-Holm-Swarm (EHS) tumor, which produces an extracellular matrix
that is basement membrane-like (Timpl et al. 1979). Laminins-2, -3 and -4 differ

from laminin-1 by a novel o2 or 12 chains or both without causing any significant

change in the shape of the molecule (Timpl and Brown 1994). The o3,

l3 and 3,2

chains form laminin-5, previously identified as kalinin or nicein (Burgeson et al.

1994).
Laminin is a highly interactive molecule that contributes to the network

structure of basement membranes through its interactions with type IV collagen,
nidogen, perlecan and other matrix molecules (Tryggvason 1993). Perlecan is a

large proteoglycan composed of a protein core to which three or four heparan

sulfate chains are bound (Bartold and Narayanan 1998). Nidogen is a
glycoprotein found in the basement membrane that forms a stable complex with
laminin (Bartold and Narayanan 1998). Since laminin does not bind directly with

type IV collagen, or perlecan, but nidogen does, the nidogen-laminin complex
provides an important link between laminin and type IV collagen and between
laminin and perlecan (Bartold and Narayanan 1998).
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In addition to interactions with the extracellular matrix, laminin plays
important roles in the attachment, proliferation and migration of different cell

types (Hogan 1981, Terranova and Lyall 1986, Timpl and Brown 1994, Dean and
Blankenship 1997). Additionally, the glycosylation of laminin plays an important
role in cell spreading and neurite outgrowth (Dean 1990, Engel 1992).

In 1986, Terranova and Lyall used human epithelial cells from gingival
biopsies. They cultured the cells on type IV collagen and laminin-coated tissue
culture dishes. Type I, II, III and IV collagen, laminin, fibronectin, epidermal

growth factor (EGF), fibroblast growth factor (FGF) and beta-nerve growth factor

(I-NGF) were used as the chemoattractant agents. They found that laminin
stimulated chemotaxis of gingival epithelial cells in a modified Boyden chamber

assay. Anti-laminin antibody, which inhibited laminin binding, inhibited the
chemotactic response of epithelial cells to laminin, while the anti-fibronectin

antibody was without effect. As a result, in this system, fibronectin was not as

potent in chemoattraction as laminin. Among the other molecules that were
tested, type IV collagen and epidermal growth factor were active as
chemoattractants, although not as effective in inducing chemotaxis as laminin

(Terranova and Lyall 1986).
Dean and Blankenship studied the migration of rat gingival fibroblasts on
fibronectin and laminin-1, bovine serum albumin and plastic (Dean and

Blankenship 1997). Their results revealed that fibronectin markedly enhances the
migration of the rat gingival fibroblasts. The cells were found to migrate much
less on laminin-1 and the two controls, bovine serum albumin and plastic, than

on fibronectin.
Adhesion between laminins and cell surfaces are mediated through

several integrins. The a6131 integrin is a major receptor for laminin-1 and

promotes cell adhesion (Sonnenberg 1990).
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Laminin and Junctional Epithelium

Several studies have followed the presence of different forms of laminin in
the dento-gingival junction and specifically in the two basement membranes

(internal and external).

In 1990, Sawada et al. tried to localize laminin and type IV collagen in the
junctional epithelium of rat molar gingiva (Sawada et al. 1990). They used

gingival tissue from the lower first molar of Wistar rats and they decalcified the
tissue for 3 weeks. Frozen sections were incubated with primary antibodies

(rabbit anti-laminin and goat anti-type IV collagen) for 16 hours. As a secondary
antibody they used either horseradish peroxidase-labeled goat anti-rabbit IgG or
horseradish peroxidase-labeled rabbit anti-goat lgG. The sections were

evaluated with both optical and electron microscopy. The results revealed
intense immunostaining for laminin in the internal basement membrane.

Moderate staining was found in the basement membrane demarcating the

gingival connective tissue from the junctional (external basement membrane) and
oral gingival epithelium. Also, moderate staining was observed in the basement

membrane of capillaries in the connective tissue. At the electron microscopic
level an intense and homogenous reaction for laminin was observed in the
lamina densa and a moderate reaction in the lamina lucida. Intense

immunostaining for type IV collagen was observed in the external basal lamina
and the basement membrane of the oral gingival epithelium. No immunostaining

was observed in the internal basement membrane even at the electron
microscopic level. The control sections showed no immunostaining reactions.

In 1995, Graner et al. investigated the presence of laminin-1 and type IV
collagen in the basement membrane of the epithelial attachment (Graner et al.

1995). Using an immunoperoxidase staining technique, they detected laminin-1
and collagen IV in the basement membrane of nearly all regions of the gingival
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epithelium. The only exception was the internal basal lamina and the circumental
papilla which is the projection of the sulcular epithelium into the connective
tissue.

In 1998, Hormia et al. used immunofluorescence microscopy and in situ
hybridization to examine the expression of laminin-5 in the junctional epithelium
of mouse, rat and man (Hormia et al. 1998). Their results revealed that laminin-1

was not present at the tooth-facing basal lamina and was present in the external
basement membrane. Laminin-5 was seen in all epithelial basement membranes,
including the tooth-epithelium interface (internal basement membrane). In the

control sections no specific immunoperoxidase reaction was seen. In situ

hybridization showed that laminin-5 was actively synthesized by the cells of the
junctional epithelium. Less intense expression was seen in the basal cells of the
gingival epithelium.

In summary, the internal basement membrane facing the tooth surface
lacks laminin-1 and type IV collagen, whereas these two molecules are present
in the external basement membrane. Additionally, laminin-5 is present in both

basement membranes (internal and external).

25

Integrins
The integrins constitute a large group of related heterodimeric

glycoproteins composed of structurally unrelated o and

subunits that span

mammalian cell membranes (Bartold and Narayanan 1998). Currently, there are

eight

chains and 16 o chains. Since the o chains can associate with different

chains, the number of different integrins is large. Integrins containing the

1

chain are largely involved in interactions between cell surfaces and extracellular
matrix molecules, such as collagens, laminin and fibronectin. The integrins

containing the

132 chain are largely involved

in inflammatory cell interactions with

extracellular matrix and other cells and are often referred to as the leukocyte
integrins (Bartold and Narayanan 1998).
Both classes of integrin subunits are composed of three domains, which
include a large extracellular domain, a membrane-spanning domain and a short

cytoplasmic domain.

Recent work has shown that the integrin 64, a transmembrane receptor,
is associated with the hemidesmosomes in the junctional epithelium (Hormia et

al. 1990, Sonnenberg et al. 1991). The

o6J4

integrin expressed in mouse

junctional epithelium has a role in mediating the attachment of cells to the
basement membrane facing the connective tissue and the tooth surface (Hormia

et al. 1992). At least one specific ligand for this receptor has been reported,
namely laminin (Lee et al. 1992). This integrin may serve an anchoring function

to both the internal and external basement membrane. Another integrin that has
been found to bind with laminin is

o61

(Sonnenberg et al. 1988).

The expression of the integrins during wound healing was studied by

Larjava et al. Their results revealed that the integrin expression changed during

the migration of keratinocytes (Larjava et al. 1993). These changes in integrin
expression followed changes in the basement membrane composition,

26

suggesting a close interplay of these two groups of molecules during wound
healing.

Recently, Graber et al. tried to inhibit the re-epithelialization of the
connective tissue surface by using monoclonal antibodies directed against

integrin subunits. They used biopsy specimens of the marginal gingiva,

composed of epithelium and connective tissue. The culture medium was
supplemented with monoclonal antibodies directed against human integrin
subunits. After 6-days of cultivation, the tissue development was analyzed by

histological and immunohistochemical methods. They found that the combination
of antibodies directed against the integrin subunits o6 and

1

inhibited the

migration of epithelium completely in 9 out of 10 cultures, whereas control
cultures containing none or only irrelevant antibodies demonstrated connective
tissues completely covered by epithelium (Graber et al. 1999).

Hypothesis

The hypothesis is that the amount and distribution of fibronectin and laminin-1 in
the two basement membranes (internal and external) of the junctional epithelium

change during the apical migration and subsequent stable attachment of the long
junctional epithelium in vivo in a rat animal model system.

2F

Specific Objectives

Objective 1
The first objective of the study was to follow the formation of the rat long

junctional epithelium in vivo during a 28-day healing period using hematoxylineosin.

Objective 2
The second objective of the study was to localize the extracellular matrix

components laminin-1 and fibronectin in vivo in the rat long junctional epithelium
using indirect immunohistochemistry over a 28-day healing period.
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Material and Methods

A rat model system was used to histologically localize the major
extracellular matrix glycoprotein constituents laminin-1 and fibronectin. Indirect

immunohistochemistry was used on serial sections of both control and
regenerating rat junctional epithelium to identify the presence of these
extracellular matrix components at different stages of healing.
All animals experimentation was reviewed and approved on an annual
basis by the University of Connecticut, Farmington, Animal Care and Use
Committee. All reagents were supplied by Sigma, St. Louis, MO, unless
otherwise noted.

Animal surgical procedures" Animals were housed in an on-campus
animal facility and given a diet of hard lab chow and water, ad libitum. In vivo, a

long junctional epithelium was surgically induced in rats by the method of
Listgarten et al. (Listgarten et al. 1982).

Briefly, four month old male Sprague-Dawley rats were anesthetized with
a solution of ketamine (90mg/kg body weight) and acepromazine (lmg/kg body
weight). A thin wedge of gingival tissue on the mesial aspect of one maxillary first
molar was removed. The mesial surface of the molar was then root planed with a
thin curette and the loose tissue repositioned against the tooth. The contralateral

tooth served as an unoperated control.

Post-surgery, animals were maintained in separate cages on a soft diet for
a recovery period, after which, the usual conditions were resumed. A long
junctional epithelium was allowed to develop for varying lengths of time in the
experimental rats. At time periods of 7, 14, 21 and 28 days after surgery, the
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animals were sacrificed (6 in each group) by

002 asphyxiation and the jaws were

dissected and prepared as described below.

Tissue fixation and sectioning" At the time of sacrifice, both sides of the

maxilla were dissected immediately and the molars and adjacent tissues were

removed en bloc. The specimens were first rinsed in de-ionized water and fixed
in 10% formaldehyde in phosphate buffered saline, pH 7.4 (PBS) for 24 hours at

4 C. The tissues were then decalcified in Kristensen’s solution (0.5N sodium

formate in 4N formic acid) for one week at 4C (Altman et al., 1985). The
decalcified tissue blocks were then washed extensively in cold PBS (4 times, 15
min each) and embedded in O.C.T. (Miles Laboratories, Elkhart, IN) which was

then quick frozen in liquid nitrogen. The tissue was then cryostat sectioned (at-

20 C) in the sagittal plane (along the long axis of the tooth), and

10m

serial

sections were collected on gelatin/chromium potassium sulfate coated slides.

The sections were then air dried and stored at 4 C until staining, usually the

same day.

Hematoxylin and eosin staining" Some tissue sections were stained
with hematoxylin and eosin (H&E) to establish orientation of the section and

formation of a long junctional epithelium.

Immunohistochemistry" The remaining sections were immunostained

using an avidinbiotin conjugated horseradish peroxidase (HRP) staining
technique (Vectastain Elite ABC Kit, Vector Labs, Burlingame, CA) to determine
the presence and distribution of either laminin-1 or fibronectin in the tissue.

The indirect immunohistochemistry technique was introduced by Nakene
and Pierce in 1966 (Nakene and Pierce 1966). Horseradish peroxidase (HRP) is
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the enzyme label most widely employed. The advantages of the technique
include: (1) the use of conventional light microscopy; (2) the stained preparations

may be kept permanently; (3) the method may be adapted for use with electron
microscopy; and (4) counterstains may be employed. The disadvantages include"

(1) the demonstration of relatively minute positively staining areas is limited by
light microscopy; (2) endogenous peroxidase may not have been completely
eliminated from the tissue under investigation; and (3) diffusion of products

resulting from the enzyme reaction away from the area where antigen is localized

(Cruse and Lewis 1999).
Guesdon et al. developed two procedures using the avidin’biotin
interaction in a quantitative enzyme immunoassay (Guesdon et al. 1979). Avidin
is a glycoprotein found in egg white that has an extraordinary affinity for the small

molecule biotin, a vitamin. In the labeled avidinbiotin (LAB) technique, biotinlabeled antibody and enzyme-labeled avidin are used sequentially. In the bridge
avidinbiotin (BRAB) technique, avidin acts as a bridge between biotin-labeled

antibody and biotin-labeled enzymes. Hsu et al. developed the indirect bridged
avidinbiotin technique to localize antigens in tissue sections (Hsu et al. 1981).

This technique employed unlabeled primary antibody, followed by a biotinylated

secondary antibody and then a preformed avidin and biotinylated horseradish
peroxidase macromolecular complex.
The indirect bridged avid:biotin technique by Hsu et al. was used in the

present study. Rabbit anti-rat fibronectin and anti-rat laminin-1 polyclonal
antibodies were purchased from a commercial source (Gibco BRL, Life

Technologies, Inc., Gaithersburg, MD). Each section (usually three per slide) was
examined using an inverted microscope (Olympus, IMT-2, Lake Success, NY) to
determine that it was essentially free from artifacts and was properly oriented.
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Satisfactory sections were washed with PBS at room temperature and any

endogenous peroxidase activity was removed by incubating the slides for 30
minutes in a 0.3% hydrogen peroxide in methanol solution. The sections were

blocked for one hour at room temperature with normal goat serum (diluted 1:4 in

PBS). This procedure and all that follow were performed in a humidified
chamber. The slides were then washed for 10 minutes in a 1% bovine serum
albumin in PBS solution (BSA/PBS) and the sections were "circled" with

hydrophobic marker (Isolator, Lipwshaw, Detroit, MI), to prevent reagents from
draining away and to minimize the amounts needed. The sections were then

washed with an avidin-biotin blocking solution. The respective primary antibodies

were diluted in PBS to a 1 1000 concentration and applied (about 15-201) to the
tissue sections within the hydrophobic marker. After incubating for 60 minutes in

a humidified chamber the slides were again rinsed for 10 minutes in BSA/PBS.
The sections were then incubated with a biotin conjugated goat anti-rabbit

secondary antibody (diluted 1"500 in PBS) at room temperature for 30 minutes.
The slides were once again rinsed for 10 minutes in BSA/PBS. The avidin
conjugated HRP reagent was then added and allowed to incubate for 30 minutes

at 37C and the slides were once again rinsed for 10 minutes. A chromogen
(diaminobenzidine tetrahydrochloride) was then added to the slides for 2 to 7
minutes depending on the degree of staining needed for each particular slide.

Control reactions included the use of irrelevant primary antibodies, secondary

antibody alone followed by avidin-HRP and avidin-HRP alone to establish

specificity and background staining levels. Some serial sections were pretreated
with bovine testicular hyaluronidase (Sigma) in an attempt to unmask the

molecules of interest.
The sections were then rinsed in PBS and protected with cover slips.

Then, the sections were viewed and photographed with an inverted light
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microscope (Olympus, IMT-2). The length of the junctional epithelium was
measured with use of computerized digital image analysis. The statistical

analysis was performed with an F-test for the comparison of the section groups

at different time points.

Results

I. Hematoxylin and eosin staining
The surgical technique, which was employed, resulted in the apical

migration of the junctional epithelium as the wound healed. The mean length of

the junctional epithelium in the unoperated control sections was

563+77m (Fig.

1). After the first 7 days of healing, the mean length of the junctional epithelium
was

488+63m

(Fig. 2). At 14 days after the surgery, the mean length of the

junctional epithelium was

766.833+127m. At

21 days after the surgery, the

mean length of the junctional epithelium increased to

1022+81m.

The apical

migration and the subsequent attachment of the cells to the root surface

appeared to be completed between 2 and 3 weeks.
After 21 days no visible changes in the epithelial attachment apparatus

were evident at the light microscopic level. At 28 days after the surgery, the
mean length of the junctional epithelium was

1059+73m (Fig. 3).

Table 1 shows the mean length of the junctional epithelium and the

standard deviation (SD) of the five different section groups (control, 7-, 14-, 21and 28-day section groups).

For the statistical analysis, the F-test was used at a 95% level of
significance (Tables 2, 3 and 4).
The statistical analysis at a 95% level of significance revealed that there is

a statistically significant difference in the length of junctional epithelium between
the control and the 14-, 21- and 28-day section groups (Table 2). There is also a

statistically significant difference in the length of the junctional epithelium
between the 7-day and the 14-, 21- and 28-day section groups (Table 3).

However, there is not significant difference in the length of junctional epithelium
between control and 7-day section groups (Table 2). Additionally, there is not

34

35

significant difference in the length of junctional epithelium between the 21- and

28-day section groups (Table 4).
Enamel is absent in all of these decalcified sections. Migration of the
junctional epithelium apical to the cementoenamel junction was evident in the

hematoxylin and eosin stained sections. The formation of a long junctional
epithelium was evident (Fig. 3).
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II. Indirect immunohistochemistry for fibronectin
As evidenced by the indirect immunohistochemistry, the long junctional
epithelium had a high fibronectin content. No fibronectin staining was found in the
internal basement membrane (Fig. 4, 5 and 6). However, an intense staining for

fibronectin was found in the external basement membrane. The subepithelial
connective tissue showed minimal staining for fibronectin (Fig. 4, 5 and 6).

Control sections revealed minimal nonspecific staining (Fig. 4) using the

procedures described in the Materials and Methods.
The amount and distribution of fibronectin present within the long

junctional epithelium and the subepithelial connective tissue remained

unchanged at all observation intervals throughout the entire 28 day healing
period, during the formation of a long junctional epithelium (Fig. 4, 5 and 6). In
addition, fibronectin staining was also found in the oral or sulcular epithelium in
this rat model system.
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III. Indirect immunohistochemistry for laminin-1
Conversely, immunostained control specimens revealed high laminin-1
concentrations in the oral, sulcular and long junctional epithelium (Fig. 7, 8 and

9). The subepithelial connective tissue exhibited very minimal staining for
laminin-1 with the exception of perivascular locations.

No laminin-1 was found in the internal basement membrane facing the
tooth (Fig. 7, 8 and 9). However, laminin-1 was observed in the external

basement membrane facing the connective tissue (Fig. 7, 8 and 9).
During the early healing phase (days 1 to 21), the laminin-1 content of the
regenerating, apically migrating junctional epithelium was found to increase when

compared with controls (Fig. 8). At later post-surgical time points (days 21 to 28),
the laminin-1 distribution remained stable (Fig. 9).

Discussion

The present study follows the formation of the rat long junctional

epithelium and shows a significant increase in the length of the junctional
epithelium from day 7 to 28 day post-surgery. There is no significant change in

the length of the junctional epithelium between the control and the first week
sections and, also, the third and the fourth week sections.

Our results agree with Listgarten 1982 that showed that the junctional
epithelium was longer in the control sections than in the 10-day sections

(304+731m vs. 114+371m). In three weeks the length of the junctional epithelium
was

650+2961m.

The difference between Listgarten’s and the present study is

that he used a micrometer scale in the microscope eyepiece, whereas, in the

present study a computerized digital image analysis was used.
The present study, also, reports a marked increase in laminin-1 content

during the early stages (7-21 days) of apical migration of a surgically wounded
junctional epithelium that mimics the periodontal pocket formation by migrating

apically along the root surface. Laminin-1 was then found to remain stable when
the long junctional epithelium had become established. However, the presence of
fibronectin was constant throughout the apical migration of the junctional

epithelium.

Both extracellular matrix molecules (fibronectin and laminin-1) were found
in the external basement membrane (facing the connective tissue) of the

junctional epithelium. However, the same molecules were not present in the
internal basement membrane (facing the tooth).

Our results agree with those of Hormia et al. (Hormia et al. 1998) that also
examined the presence of laminin-1 in the junctional epithelium of rat, mouse and

human

samples.

They

employed

frozen sections and an
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indirect

39

immunoperoxidase technique. They used primary polyclonal anti-laminin-1
antibody that could react with o1,

I1

and /1 chains of laminin-1. As a secondary

antibody, they used donkey anti-rabbit IgG and rabbit anti-mouse IgG. Their
results revealed that laminin-1 was present in the external basement membrane

facing the connective tissue and around the blood vessels. Additionally, they
studied the presence of laminin-5 and they found that laminin-5 is present in both

basement membranes (internal and external).

Sawada et al. also studied the presence of laminin-1 in the basement
membranes of junctional epithelium in rats (Sawada et al. 1990). They used
frozen sections and an indirect immunoperoxidase technique. However, there

were differences between their methods and the methods that were employed in
the present study. Firstly, they did not report treating the frozen sections with

hydrogen peroxide to reduce any endogenous peroxidase activity in the tissue.
Also, the antibody employed was different and there were some variations in the
conditions employed. In that study they found that there was an intense laminin
reaction in both internal and external basement membranes. They, also, noticed

moderate staining in the basement membrane of the capillaries in the connective
tissue. However, reaction products associated with cells or tissue sections may

have been due to the presence of endogenous peroxidase activity, or more likely,

an antibody that recognized both laminin-1 and laminin-5 that was unknown at
that time.

Our results agree with Graner et al. that studied the presence of laminin-1
in the basement membrane of junctional epithelium in rat incisors. They

employed an indirect immunoperoxidase technique and found that laminin-1 was
absent from the internal basement membrane of the junctional epithelium

(Graner et al. 1995).
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The distribution of laminin-1 and fibronectin in the junctional epithelium of
mice was studied by Sakai et al. (Sakai et al. 1996). They employed rabbit anti-

mouse primary antibodies and goat anti-rabbit secondary antibodies. Their
results revealed intense linear staining of fibronectin at the basal interface of the
junctional epithelium. The staining intensity for fibronectin in this region appeared

stronger than in the subepithelial connective tissue. In this study, laminin-1
presented a linear staining pattern in approximately the coronal half of the
epithelial basement membrane but there was no detectable staining in the apical
half. They also observed fibronectin in the connective tissue at the apical tip of
the junctional epithelium, which indicated that fibronectin may play a functional
role in the promotion of the junctional epithelial migration. Regarding laminin-1,

they concluded that, since laminin-1 was not demonstrated at the migrating tip of
the junctional epithelium, it does not appear to play an important role during the
actual apical migration of the junctional epithelium.

According to Connor et al., there was low intensity of fibronectin labeling in

the basement membrane of the gingival epithelium (Connor et al. 1984). The

pattern of fibronectin distribution found in the present study agrees in many
respects with the results of Connor et al. They used a monoclonal antibody in
unoperated rat teeth and periodontal tissues. Although these authors found some
faint staining for fibronectin in the epithelium, this may be explained by
differences in the fixation techniques, or the antibodies and staining employed.

Also, given the potentially numerous alternatively spliced isoforms of fibronectin,
it is possible that a form of the molecule was present that was not recognized by

the antibody employed in the present study. However, this would seem unlikely in
the present study, since a anti-rat polyclonal antibody was used.

Our results regarding fibronectin agreed with those of Cho et al. that
showed that fibronectin was found in the basal lamina between the connective
tissue and the epithelium and the endothelium in beagle dogs (Cho et al. 1984).

There were different problems that we faced during the experiments. The

sectioning with the cryostat required very specific and careful technique due to
the tissue texture and the orientation of the block of the tissue. Always, the
optimal sections were the ones that were cut along the long axis of the tooth.

The thickness of the sections was also very important for the staining
results.
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section thickness was optimal for the staining technique that was

employed.
During the indirect immunostaining technique, the primary antibody was
tried in different concentrations and, finally, the 1 "1000 dilution of the antibody in

PBS was used for the best staining results.
The local extracellular matrix may be largely responsible for regulating
epithelial and other periodontal cell functions such as adhesion, motility and
synthetic activity, thereby governing the balance between epithelium and
connective tissue. Laminin-1 at the dentogingival interface may serve as a

marker for the stable attachment of junctional epithelial cells at the completion of
wound healing.

Recent periodontal literature has tried to apply knowledge regarding
extracellular matrix molecules (e.g. fibronectin and laminin) in different
regeneration procedures.

Terranova and Martin studied the gingival tissue interaction with the tooth
surface in the presence of laminin and fibronectin (Terranova and Martin 1982).

They used human fibroblasts CRL 1545, PAM 212 epithelial cells and three

groups of teeth. Group 1 contained 100 unscaled root surfaces of periodontally
involved teeth. Group 2 contained 100 scaled root surfaces of periodontally
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involved teeth. Group 3 contained 200 scaled roots of impacted third molars.
Their results revealed that fibronectin stimulated the attachment of fibroblasts
while laminin stimulated the attachment of epithelial cells.

By using a root surface

that was partially demineralized and pretreated with fibronectin, they found a
marked enhancement of fibroblast attachment and proliferation. Both cell types
attached better to the scaled root surfaces of unerupted teeth and teeth removed
due to periodontal disease than to unscaled surfaces from teeth lost due to

periodontal disease.

In 1985, Caffesse et al. studied the application of fibronectin alone or a
combination of fibronectin and citric acid during periodontal surgery and found

that areas treated with fibronectin alone showed a long junctional epithelium
attachment, whereas the combination of fibronectin and citric acid showed an
increased amount of connective tissue reattachment (Caffesse et al. 1985).
Pitaru et al. studied the effect of bilayered/type collagen barriers enriched
with fibronectin and heparan sulfate in the prevention of the apical migration of

the epithelium during the initial stage of periodontal wound healing (Pitaru et al.

1991). They produced osseous defects on the labial of 12 maxillary canines in 8
mongrel dogs. Experimental group 1 was treated with membranes that were
enriched with fibronectin and heparan sulfate, experimental group 2 was treated
with non-enriched collagen barriers and the control group was treated without
barriers. Histologic and histomorphometric evaluation 20 days post-surgery

showed that a short junctional epithelium was present in the defects treated with
the extracellular matrix molecule enriched barrier compared to the other two

groups. The length of the junctional epithelium in the experimental group treated
with the non-enriched barriers did not differ significantly from that in the control

defects. Additionally, 95% of the exposed root surfaces in the experimental group

were repopulated by connective tissue cells. In their conclusions, the authors
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questioned the significance of their results regarding the stability of the length of
the junctional epithelium due to the limited experimental period of only 20 days.

Recently, Graber et al. showed that there is a way to influence the
regeneration of periodontal tissue on a molecular basis by using antibodies
directed against integrin subunits (Graber et al. 1999). In this study, they applied

a combination of antibodies against the integrin subunits c6 and

131

and they

showed that the migration of the epithelium was inhibited in 9 out of 10 cultures,
whereas control cultures demonstrated connective tissue completely covered by
epithelium.

To regenerate periodontal tissues that have been lost to disease,
connective tissue reattachment to the tooth root and regeneration of alveolar

bone must proceed more rapidly than apical migration of the junctional epithelium

along the root surface. If the epithelium grows too rapidly, connective tissue
reattachment to the tooth can be slowed or prevented and a long junctional
epithelial attachment may result. A better understanding of the anatomically
unique junctional epithelium is critical for treatments aimed at regeneration of the
periodontium.

The rat molar long junctional epithelium model employed in the present
work indicates that laminin expression varies with the stages of healing of the
tissue. The present study reports a marked increase in laminin-1 content during

the early stages of healing of the surgically wounded junctional epithelium that
mimics periodontal pocket formation by migrating apically across the root

surface. The results suggest that laminin-1 may play a role in the stabilization

(cessation of migration) and maturation (stratification) of a long junctional
epithelial attachment. Fibronectin, another biologically active glycoprotein

frequently associated with wound healing, was also found in the junctional
epithelium. However, the presence of fibronectin was constant before and

throughout the apical migration of the junctional epithelium. This observation may
indicate that fibronectin does not play as important a role as laminin-1 in the

promotion of junctional epithelium migration.
The identification of the molecular cues, which instruct cells either to
attach in a stable fashion or migrate may provide new opportunities for the

manipulation of cell/extracellular matrix interactions to aid in the prevention and

treatment of periodontal and other diseases. Ultimately, specific extracellular
matrix molecules may be used clinically to guide regeneration of tissues lost to

periodontal disease.

Tables

Groups

Mean

SD

control

563

77.923

7 days

488.883

63.155

14 days

766.833

127.91

21 days

1022.333

81.914

28 days

73.211

Table 1: The mean length of the junctional epithelium and
the standard deviation expressed in #m in the control, 7-, 14-,
21- and 28-day section groups.
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Statistical analysis I"

*

Group

Mean Difference

F-test

comparison
control vs. 7d

74.167

0.536

control vs. 14d

-203.833

4.024*

control vs. 21d

-459.333

20.555*

control vs. 28d

-278

Significant at 95%

Table 2" The statistical analysis at the 95% level of significance
using the F-test between control and 7-, 14- and 21-day section

groups. The mean difference in the length of the junctional
epithelium is expressed in pm. The results of the statistical analysis

revealed a statistically significant difference between the control
and 14-, 21- and 28-day section groups. There is not a significant
difference between the control and the 7-day section groups.

Statistical analysis I1:

*

Group

Mean Difference

F-test

comparison
7d vs. 14d

-278

7.529*

7d vs. 21d

-533.5

27.729*

7d vs. 28d

-570.5

31.709*

Significant at 95%

Table 3: The statistical analysis at the 95% level of
significance using the F-test between the 7-day and the 14-,

21- and 28-day section groups. The mean difference in the

length of the junctional epithelium is expressed in pm. The
results revealed a statistically significant difference between all

groups.

Statistical analysis II1"

Group
comparison
14d vs. 21d

Mean Difference

F-test

-255.5

6.36*

14d vs. 28d

-292.5

8.335*

21d vs. 28d

*

0.133

Significant at 95%

Table 4: The statistical analysis at the 95% level of

significance using the F-test between the 14-day and the 21and 28-day section groups and the 21- and 28-day section

groups. The mean difference in the length of the junctional
epithelium is expressed in Im. The results revealed

statistically significant difference between the 14- and 21-day
section groups and the 14- and 28-day section groups. There
is not significant difference between the 21- and 28-day
section groups.

Figures
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51

Figure 1. Photomicrograph of an hematoxylin and eosin stained, decalcified
section of the dentogingival junction of a control specimen (40X).

55

Figure 3. Photomicrograph of an hematoxylin and eosin stained, decalcified
section of the dentogingival junction of 28-day specimen (40X). Note the
formation of the long junctional epithelium.
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Figure 4. Photomicrograph of a decalcified section of the dentogingival junction

of a control specimen immunostained for the presence of fibronectin (40X). Note
the staining in the oral, sulcular and junctional epithelium.

59

Figure

,.

Photomicrograph of a decalcified section of the dentogingival junction

of a 7-day specimen immunostained for the presence of fibronectin (40X).

Figure 6. Photomicrograph of a decalcified section of the dentogingival junction

of a 28-day specimen. Note that the amount and distribution of fibronectin within
the junctional epithelium remained unchanged during the entire 28-day healing
period.

63

Figure 7. Photomicrograph of a decalcified section of the dentogingival junction

of a control specimen immunostained for the presence of laminin-1 (40X). Note
the minimal staining for laminin-1 in the subepithelial connective tissue.

65

Figure 8. Photomicrograph of a decalcified section of the dentogingival junction

of a 7-day specimen immunostained for the presence of laminin-1 (40X).

Figure 9. Photomicrograph of a decalcified section of the dentogingival junction
of a 28-day specimen immunostained for the presence of laminin-1 (40X). Note
the laminin-1 content of the apically migrating junctional epithelium was found to
increase when compared to controls.
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